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Abstract
The purpose of this study was to develop a sequential process of personalized valproic acid (VPA) prescription in patients 

with epilepsy.
Materials and Methods: We randomly selected 167 patients with epilepsy receiving VPA, based on carriage of CYP2C9*2 

and/or CYP2C9*3 and therapeutic drug monitoring. The patients’ CYP2C9 status was determined by CYP2C9 genotyping before 
the beginning of anticonvulsant therapy. 

Results: The sequence of personalized valproic acid prescription has been developed.
Conclusion: Using the sequential process of personalized VPA prescription will allow neurologists, psychiatrists and general 

practitioners to select starting and maintenance dosages of VPA with respect to the individual patient’s pharmacogenetic profile 
and thereby, significantly improve the safety of pharmacotherapy in epilepsy patients.(International Journal of Biomedicine. 
2018;8(1):26-32.) 
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Introduction
A personalized approach to the use of VPA, based on 

carriers of CYP2C9 gene polymorphisms and results of 
TDM of VPA, can significantly increase treatment safety 
by reducing the incidence of ADRs from AEDs.(1-3) Desired 
positive outcomes can only be achieved when a defined 
sequence of actions is adhered to. However, this sequence is 
often ambiguous and leads to errors. To avoid this, we utilized 
block diagrams based on conventional visual programming 

languages to capture the correct sequence of events in VPA 
prescriptions.(4,5)

Research into the carriage of polymorphisms of human 
cytochrome P450 enzymes involved in the metabolism of 
VPA (CYP2C9, CYP2A6, CYP2B6, СУР1А1, CYP2D6, 
СУР2Е1(1), СУР2Е1(2)) showed that the CYP2A6 was 
the most active in catalyzing VPA 3-hydroxylation whereas 
CYP2A6 and CYP2B6 were less active.(6) 

The CYP2C9 gene is highly polymorphic, with more 
than 50 known alleles. CYP2C9*1 is the wild-type allele 
and is associated with normal enzyme activity.(7) In carriers 
of CYP2C9*2 (c.430C>T; p.Arg144Cys) and CYP2C9*3 
(c.1075A>C; p.Ile359Leu), the CYP2C9 activity is decreased.
(8) The level of toxic metabolites of VPA in human liver 
microsomes is increased by 28%-31% in samples with one 
mutated CYP2C9 allele (CYP2C9*2 or CYP2C9*3) and by 
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58%-73% in samples with two mutated CYP2C9 alleles.(9) In 
carriers of CYP2C9*2 and/or CYP2C9*3, in comparison with 
carriers of CYP2C9*1, there is an achievement of high blood 
concentrations of VPA, often exceeding the upper level of the 
therapeutic references, even when taking medium therapeutic 
doses of this drugs.(10,11) An accumulation of VPA in the blood up 
to a toxic level can cause the development of serious ADRs due 
to hyperammonemia, which results from a valproate-induced 
decrease in L-carnitine in serum. The decrease in L-carnitine 
is caused by an increase of L-carnitine excretion from urine (in 
the form of valproilcarnitine) and reduced renal reabsorption 
of free carnitine and acylcarnitine. L-carnitine deficiency in 
hepatocytes cases impaired urea synthesis and development 
of hyperammonemia.(12) Some authors (13,14) showed that the 
development of ADRs on the background of VPA use was 
associated with the development of hyperammonemia in 
patients with no liver diseases. L-carnitine is successfully 
used to eliminate the ADRs caused by hyperammonemia, 
including in the treatment of acute valproate overdose.(15) 

Thus, despite the large amount of information on VPA use in 
clinical practice, accumulated during more than half a century, 
pharmacogenetic studies of VPA open up new opportunities 
for improving the effectiveness and safety of therapy.(16) 

The purpose of this study was to develop a sequential 
process of personalized VPA prescription in patients with 
epilepsy.

Materials and Methods
We randomly selected 167 patients with epilepsy 

receiving VPA, based on carriage of CYP2C9*2 and/or 
CYP2C9*3 and TDM status. The patients’ CYP2C9 status 
was determined by CYP2C9 genotyping before the beginning 
of anticonvulsant therapy. We used a sorption method with 
a set of reagents for DNA isolation (DNA-Sorb-B) from the 
clinical material. Genotyping for the CYP2C9*2 (Arg144Cys, 
C430T) and CYP2C9*3 (Ile359Leu, A1075C) polymorphisms 
was performed according to previously published research 
protocols.(2) Block diagrams of processes were constructed 
using Misrosoft Visio 2013.

Results
The sequence of personalized VPA prescription was as 

follows (Figures 1-4). The first step is clinical diagnosis of 
epilepsy during the first visit to a neurologist, along with ruling 
out the following contraindications for VPA prescription: an 
increased sensitivity to any of the components of valproate; 
acute and chronic hepatitis; severe liver or pancreas 
dysfunction; hepatic porphyria; established mitochondrial 
diseases caused by mutations in the mitochondrial enzyme 
γ-polymerase (POLG) gene, such as Alpers-Huttenlocher 
syndrome; urea cycle disorders; patients on mefloquine or 
Hypericum perforatum preparations, and drugs that increase 
enzymatic liver activity or disturb intestine function (Fig.1). 

After the diagnosis of epilepsy and the decision to 
start VPA, all patients are genotyped for the CYP2C9*2 and 
CYP2C9*3. 

Interpretation of results and VPA dosage are discussed 
and decided on at the next visit. A starting dose of VPA depends 
on the homo- or heterozygous carriers of the identified SNPs 
in CYP2C9. Normal metabolizers (genotype CYP2C9*1/*1) 
are prescribed a medium therapeutic dose of VPA. Intermediate 
metabolizers (heterozygous genotypes CYP2C9*1/*2 and 
CYP2C9*1/*3) are prescribed a VPA dose 25%-30% lower 
than average. In poor metabolizers (homozygous genotypes 
CYP2C9*2/*2 and CYP2C9*3/*3 or compound heterozygotes 
of CYP2C9*2/*3), the VPA dose is reduced by 50%. The rate of 
titration of the daily dose of VPA also depends on the identified 
SNPs of CYP2C9: normal metabolizer – once every 3 days, 
intermediate metabolizer – once a week, poor metabolizer – 
once every 2 weeks. Patients are assigned a follow-up date with 
respect to their genotype: normal metabolizer after 6 months, 
intermediate metabolizer after 3 months, and poor metabolizer 
after 2 months. All patients are required to conduct VPA TDM 
prior to their appointment (Fig.1). 

Further treatment depends on the results of TDM, clinical 
effectiveness and ADRs associated with VPA treatment over 
the last period.

The choice of drug for correction of ADRs of VPA is 
based on the pathogenetic mechanism of their development. 
Valproate-induced decrease in the synthesis of L-carnitine 
in hepatocytes’ mitochondria is due to a complex formation 
between VPA and L-carnitine (valproilcarnitine), which is freely 
excreted in urine. In addition, reduced renal reabsorption of free 
carnitine and acylcarnitine leads to a deficiency of L-carnitine, 
and as a consequence, development of hyperammonemia.(8,9) 

It is also known that receiving VPA often leads to cholestasis 
development.(10) The course of hepatoprotective therapy is 
possible without VPA withdrawal.(11) Prescribing L-carnitine 
and ursodeoxycholic acid eliminates L-carnitine deficiency 
and provides a hepatoprotective effect.

For patients with a therapeutic level of VPA TDM (Fig. 2):
•	 In cases of a positive clinical and electroencephalographic 

dynamic during treatment, and absence of ADRs, treatment 
is continued at the same dose.

•	 In cases of a positive clinical and electroencephalographic 
dynamic during treatment with development of ADRs, 
L-carnitine and ursodeoxycholic acid are prescribed for 
1 month. VPA dose is reduced by 25% in patients with 
ADRs such as aggravation of seizures, thrombocytopenia, 
hepatopathy, severe alopecia, hand tremor, and significant 
increase in body weight. In patients with such ADRs 
as onihodistrophy, non-coarse tremor of the hands and 
structurally unstable alopecia, and a slight increase in body 
weight, the therapy continues at the same dose, with the 
patient’s consent.

•	 In cases of the absence of clinical and electroencephalographic 
effect and ADRs development, VPA is discontinued and 
another AED is prescribed. All patients in this group are 
prescribed L-carnitine and ursodeoxycholic acid for 1 
month.

•	 In cases where the VPA effect and ADRs, are absent, 
treatment can be continued with dose escalation by 25%, with 
the patient’s consent. The rate of dose titration is dependent 
on the individual patient’s pharmacogenetic profile.
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Fig. 1. Sequence of personalized VPA prescription (the start of the process).
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Fig. 2. Process of personalized VPA prescription (continued).
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Patients with a low therapeutic level of VPA (< 50 µg/ml) 
are assessed for compliance with the dosing and scheduling 
regime of AED administration (Fig.3). 

In cases of low patient compliance, motivation to 
receive the AED is increased and VPA treatment is continued 
at the same dose.

If a patient follows the recommendations for VPA 
administration, drugs that increase enzymatic liver activity or 
prevent intestinal AED re-absorption are excluded. Additional 
pharmacogenetic examination is advised to exclude profile 
“normal metabolizer.” The dose of VPA is increased by 25% 
with the rate of dose titration depending on the individual 
pharmacogenetic profile of the patient.

Patients with toxic levels of VPA (>100µg/ml), as a 
result of TDM, are prescribed L-carnitine and ursodeoxycholic 
acid for 1 month (Fig.4). 

In cases of positive clinical and electroencephalographic 
dynamic during treatment and the absence of ADRs, the dose 
of VPA is reduced by 25%. 

In cases of a positive clinical and electroencephalographic 
dynamic during treatment and development of ADRs, the 
dose of VPA is reduced by 50% in patients with ADRs such 
as the aggravation of epileptic seizures, thrombocytopenia, 
hepatopathy, alopecia and coarse tremor of hands, and a 
significant increase in body weight. In patients with ADRs in 
the form of onychodystrophy, non-coarse tremor of the hands 
and structurally unstable alopecia, and a slight increase in 
body weight, the treatment dose is reduced by 25%.

In cases where the clinical and electroencephalographic 
effect of VPA treatment with development  of ADRs is absent, 
VPA is discontinued and another AED is prescribed. 

In cases of the absence of clinical and electroencephalographic 
effect of VA without development of ADRs, treatment may be 
resumed with a dose reduction by 25%, with patient’s consent.

In conclusion, using this sequential process of 
personalized VPA prescription will allow neurologists, 
psychiatrists and general practitioners to select starting and 
maintenance dosages of VPA with respect to the individual 
patient’s pharmacogenetic profile and thereby, significantly 
improve the safety of pharmacotherapy in epilepsy patients.
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Fig. 4. Process of personalized VPA prescription (continued).
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